An unusual mesophilic bacillus was isolated from soil, and a cleaned spore preparation of this organism showed extreme resistance to dry heat (D1250C = 139 h, D,,,, = 54 h, D135oc = 24 h, D,,,, = 13 h, D!450c .= 8 h, D,,,, = 2.5 h; where D = time at temperature effecting 90% reduction in viable count); and relative sensitivity to moist heat (D800C = 61 min). The biochemical tests, exterior and interior spore morphology, and growth characteristics of this organism do not fit those of any of the presently described species of bacteria. Consequently, we regard this organism as belonging to a new species, for which we propose the name Bacillus xerothermodurans. The type strain of this species has been deposited in the American Type Culture Collection as ATCC 27380.
The degree to which bacterial endospores are resistant to dry heat is often significantly different from their resistance to moist heat. For example, spores of Bacillus stearothermophilus are resistant to moist heat but are relatively sensitive to dry heat. Conversely, spores of Bacillus subtilis subsp. niger are resistant to dry heat and are relatively sensitive to moist heat. Even though the accumulated knowledge of thermal resistance parameters is large, the major portion of existing data deals with moistheat exposures. In the late 1950's, the problem of interplanetary contamination and subsequent studies of spacecraft decontamination and sterilization procedures prompted many large-scale investigations into the precise inactivation kinetics effected by dry heat.
While studying the comparative dry-heat inactivation rates of mixed, naturally occurring bacterial spores in soil (2), we reported the isolation of an unusual, slow-growing sporeformer from soil heated at 125°C for 48 h. A cleaned spore preparation showed extreme resistance to dry heat [D,,,, = 139 h, D1300C = 54 = 2.5 h (a D value is defined as time at temperature effecting a 90% reduction in viable count)] (1). We had previously shown (2, 3; unpublished data) D,2,0c values for B . subtilis subsp. niger spores ranging from 8 to 50 min, depending upon the type of sporulation medium and assay system used. In addition, D,,,, values of subcultured environmental isolates from spacecraft, assembly areas, and soil ranged from <5 to 100 min. The dry-heat resistance level of the new isolate's spores was approximately 80 times higher than that of any previously tested spores using comparable experimental systems.
Naturally occurring spores are generally thought to be more resistant to heat than their subcultured counterparts; however, Puleo et al. (7) reported a maximum D,,50c value (dry heat) of 6.3 h in a study of heterogeneous spore populations collected from air, a value 22 times lower than that of the new isolate's spores. The resistance level of the new isolate's spores to moist heat was shown to be relatively low (D,,, = 61 min) (2).
The purpose of this paper is to present the results of a taxonomic study of the new isolate.
(Initial observations of spore-surface morphology by electron microscopy [performed at Sandia Laboratories, Albuquerque, N.M.] and dry-heat-resistance determinations at 125°C were informally presented at the Fifth International Spore Conference, Fontana, Wis., 8-10 October 1971, at the request of H. Orin Halvorson. The thermal-resistance profile data were presented at the Sixth International Spore Conference, Michigan State University, East Lansing, Michigan, 10-13 October 1974.)
MATERIALS AND METHODS
Soil sample preparation. Raw sandy soil collected in the vicinity of Cape Kennedy, Fla., was washed with 95% ethyl alcohol through a graded series of stainless-steel sieves, the smallest opening being 43 p m . The resultant spore and soil concentrations were 2.7 x 105/ml and 0.03 g/ml, respectively, as determined by methods reported earlier (2).
Determination of .dry-heat inactivation kinetics. Portions (0.1 ml) of the soil suspension were applied to stainless-steel coupons (1.27 by 1.27 cm), and the dry-heat resistance level of the spore population was determined using a forced-air oven in two methods described previously (3, 4).
INT. J. SYST. BACTERIOL.
Isolation of the culture. During an end-point determination with this naturally occurring spore population in which survivors after the 48-h interval a t 125°C were recovered in broth (3), a slow-growing sporeformer was isolated after 1 month of incubation at 32°C. Positive tubes were recognized only when vigorously agitated to show a clear, compact, mucoid sediment with no turbidity in the supernatant broth. When subcultured on Trypticase soy agar (TSA; BBL) supplemented with 0.2% (wtlvol) yeast extract and 0.1% (wthol) soluble starch, growth and sporulation were also slow at 32"C, requiring 10 to 14 days to achieve detectable levels of sporulation (2).
Biochemical tests. The isolate was subjected to a battery of biochemical tests for the identification of Bacillus spp. 
RESULTS
When subcultured, the isolate exhibited pleomorphism in the gram-variable, rod-shaped, nonmotile vegetative cells (0.7 to 1.2 by 1.6 to 2.8 pm) with spherical to slightly oval, central to subterminal spores having rough, stainable walls. After leaving swollen sporangia, the spores appeared, by observation with light microscopy, to increase in size from 1.2 to approximately 1.7 pm while assuming a more oval shape. Pleomorphlsm in vegetative cells became more marked in older cultures, and the highly sculptured spore surfaces were plainly visible using light microscopy; less stainable forms showing surface texture were most likely spore-wall debris left after germination. 55; unpublished data) , in his ultrastructure study of the relatively large spore of ATCC 27380, found that sectioning revealed an irregular, thick outer spore coat composed of globular subunits and an unusual laminated inner spore coat containing up to nine distinct layers, as shown in Fig. 2 . It has been speculated that these spore coats may serve as barriers to mois- ture loss during heating and may thereby account for the extreme resistance to dry heat.
Our preliminary studies in 1971 (2) showed that ATCC 27380 was rather physiologically inactive and that it did not fit any described pattern of reaction. From the battery of biochemical tests, the only positive reactions shown were growth in 2, 4, or 10% NaCl broth, aerobic growth, and production of catalase. R. E. Gordon (personal communication) observed that cultures of the isolate obtained in 1971 and subsequently transferred at intervals on soil extract agar have gained physiological capabilities (ability to grow in various media) not observed initially but still have retained the relative biochemical inactivity corresponding to no existing pattern. Also, Gordon has observed starch hydrolysis when potato starch rather than soluble starch was used as the substrate. Youvan, Holmquist, and Jukes (personal communication; D. Youvan, M. Watanabe, and R. Holmquist, in R. Holmquist (ed.), Life sciences and space research, vol. 15, in press) have recently examined spores of the isolate and confirmed the extreme resistance to dry heat (D,,sc = 17 h).
DISCUSS I 0 N
By virtue of (i) the aerobic, sporeforming nature of isolate, (ii) its unusual external and internal spore morphology, (iii) the relative biochemical inactivity of the culture, and (iv) the unique and extreme magnitude of spore resistance to dry heat, we regard this organism as a new and distinct species of the genus Bacill u s , and for this new species we propose the name Bacillus xerothermodurans (Gr. adj. xeros dry; Gr. adj. t h e r m u s hot; L. part adj. dura n s hardening, resisting; M. L. adj. xerothermodurans [intended to mean] resisting dry heat). The type strain is American Type Culture Collection (ATCC) strain 27380. The magnitude of the dry-heat resistance, the need for heat activation for maximum germination (1, 2), and the difference in resistance levels between dry and moist heat of the spores of this new species may make them valuable tools in studies of sporulation, germination, dormancy, and heat-inactivation mechanisms.
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